Hearts from diabetic rats are more resistant to in vitro ischemia: possible role of altered Ca2+ metabolism.
The effects of whole heart ischemia were studied in isolated perfused rat hearts from control and diabetic animals. When whole heart ischemia was maintained for 30 minutes at 37 degrees C, diabetic hearts recovered 100% whereas hearts from normal animals recovered 30% of their preischemic function. Reperfusion Ca2+ uptake was about 2.5 microM/g dry wt in diabetic hearts compared with 10 microM/g dry wt in control hearts. When the ischemic period was extended to 40, 50, and 60 minutes, diabetic hearts had depressed recovery of ventricular function, and greater Ca2+ overload but reperfusion function was still significantly higher and Ca2+ overload significantly less than in control hearts. Depressed function and increased Ca2+ uptake were both linearly related to low tissue levels of residual high energy phosphates and inversely related to the amount of lactate that accumulated in the tissue during ischemia. However, regression lines relating these metabolic changes to depressed function and increased Ca2+ uptake showed that for any level of residual high energy phosphate or ischemic lactate, diabetic hearts performed much better and had less Ca2+ uptake than control hearts. These effects of diabetes were due to the diabetogenic action of the drugs used since both streptozotocin and alloxan had the same effect and in vivo insulin treatment reversed the effect. Diabetic hearts had a reduced maximum inotropic effect to increased extracellular Ca2+ under control aerobic perfusion conditions. The improved recovery of ventricular function during reperfusion of ischemic hearts from diabetic animals was highly correlated with reduced Ca2+ uptake, and regression lines relating depressed ventricular function to Ca2+ overload showed that data from control and diabetic hearts fell on the same line; that is, when depressed function occurred it was related to increased Ca2+ uptake to the same extent in both control and diabetic hearts. The resistance to ischemia in diabetic hearts was not related to higher tissue levels of high energy phosphates during reperfusion nor to lactate accumulation during ischemia. The observations suggest a role of increased reperfusion Ca2+ influx in ischemic damage and that alterations of sarcolemmal Ca2+ transport systems in diabetic myocardium may account for the greater resistance of these hearts to ischemia.